Species of Myristicaceae have diverse synandria morphology and structure, making them an interesting group for androecium evolution research. To clarify the morphology, structure, and origin of the synandrium, scanning electron microscopy and histology were performed on staminate flowers of Horsfieldia pandurifolia, H. 
of these species were derived from receptacular tissue, and that stamen initiation occurred with a low helix, although this cannot be determined with certainty. In addition, anatomical information on the synandrium structure is confined to a few species of Myristica (Wilson and Maculans 1967; Manilal 1983; Armstrong and Tucker 1986; Furness and Rudall 2001) , Knema (Siddiqi and Wilson 1976; Sauquet 2003) , and Horsfieldia (Armstrong and Wilson 1978) . Moreover, the synandria of mauloutchioid genera have been observed and the evolution of androecium characters in Myristicaceae has been discussed by Sauquet (2003) . Those studies have provided accurate descriptions of the structure and morphology of the synandrium for species of Myristica, Knema, Horsfieldia, and mauloutchioid genera. However, at present, D r a f t 5 little information is available on the origin of stamen fusion in this family. It should be noted that the term synandrium has been used in two different ways in previous studies. Some authors (for instance, Sauquet 2003) considered the synandrium as a synonym of the whole androecium when stamens are fused, whereas de Wilde (2014) restricted it to the upper part of the androecium with fused anthers. In the present study, the latter definition was adopted. The term 'stalk' is used to describe the common stalk below the synandrium, and the term 'central sterile column' is used to describe the central sterile portion of the synandrium. D r a f t 6 study, comparative development and anatomy of the synandria of M. fragrans, H. pandurifolia, and H. tetratepala were investigated to clarify the origin of the synandrium. The issue involving the sequence of stamen initiation was also addressed. 
Materials and methods

Staminate
Synandrium development
Prior to stamen primordium initiation, the shape of the floral apex becomes tetragonal with a broad flat surface (Fig. 1A) . After the expansion of the floral apex, four to six stamen primordia rapidly arise on the margin of the floral apex. It is not possible to determine the exact sequence of each stamen initiation, because they arise more or less simultaneously. However, these stamen primordia appear to be initiated in two groups. A group of early initiated stamen primordia of the same size occupies three sides of the floral apex, and another group of two stamen primordia at an earlier stage of initiation is located on the adjacent side of the floral apex (Fig. 1B) . When all of the stamen primordia reach approximately the same size, they form a whorl around the margin of the floral apex with little available space (Fig. 1D) . Occasionally, the supernumerary single stamen primordium is observed to differ greatly in size from the neighboring stamen primordia. The supernumerary stamen primordium makes the floral apex oval in shape (Fig. 1C, arrowhead) . Later in the development cycle, each stamen primordium becomes bilobed (Figs. 1E and 1F, arrowhead) and each anther lobe is subdivided by a longitudinal slit, producing two microsporangia (Fig. 1G) . The stamens form a synandrium consisting of a whorl of anthers, which are dithecate and D r a f t 9 tetrasporangiate (Figs. 1H and 1I) . At maturity, the number of anthers varies from four to six (seven anthers were observed only on one occasion) (Figs. 4C-4F), which is also the number of anther primordia (Figs. 2C-2F ). The anthers display extrorse dehiscence by slits (Figs. 1I, arrowhead, .
Synandrium anatomy
At the early stage of floral apex development, the floral apical meristem comprises parenchyma cells with conspicuous and deeply stained nuclei ( Fig. 2A) . (Fig. 3I, arrowhead) , progressively increasing in number toward anthesis (Figs. 4F and 4G, arrowhead) .
As the initiation of the stamen primordia progresses, a stalk is formed beneath the stamens (Figs. 1C and 2G ). This differentiates from the apex of the receptacle and extends to the base of the synandrium (Figs. 1I, 3H , and 4B). The vascular bundles that will serve the androecial organs branch off at the apex of the receptacle and extend up into the apex of the stalk from the early developmental stages (Figs. 2H, 2I, and 3H, thick arrows). As development progresses, the vascular bundles in the stalk extend, but do not enter the central sterile column tissues (Fig 4B, thick arrows) . At anthesis, a circle of four to six bundles can be observed in the center of the stalk, corresponding to the four to six anthers respectively (Fig. 4A, thick arrow) . The synandrium region is devoid of vasculature throughout its development.
Horsfieldia tetratepala (Figs. 5 and 6) Synandrium anatomy When the stamen primordia have all been initiated, the three groups of stamen primordia form a single whorl that occupies the entire marginal circumference of the floral apex. The first primordium initiated is easily identified in each group because of its larger size (Fig. 7F, dots) . Later in development, a central depression develops in the middle of each stamen primordium and deepens into a narrow slit, forming a bilobed anther. By this time, the stamen primordia are free and are much higher than the floral apex (Fig. 7G) . Subsequently, the anthers increase in size longitudinally as the height of the receptacle increases. When a slit is present on each anther lobe, D r a f t 14 producing two microsporangia, the anthers are adnate to the elongate receptacle, which later becomes the central sterile column (Fig. 7H) . At maturity, the androecium is characterized by a whorl of elongate anthers, which are adnate to a sterile column along their entire length, forming a columnar synandrium. Each anther consists of a pair of anther lobes and four microsporangia. Paired microsporangia of the anther lobe differ slightly in length. The apical residuum of the synandrium is convex and somewhat surpasses the anthers in height. A short stalk is developed below the synandrium (Fig. 7I) .
Only flowers shortly before anthesis and at anthesis were available for study. A 
